were determined for free-ranging and captive white-tailed deer (WTD). Effects of gender, season, and age on 25(OH)D concentrations were determined as well as comparisons to concentrations in serum from captive reindeer and elk. Seasonal variations in 25(OH)D concentrations were detected for both captive and free-ranging WTD with greatest concentrations detected in August/September (-25 n ,,/ml,) and lowest concentrations in February (-5-10 ng/mL). Free-ranging WTD < 1 year of age had lower 25(OH)D concentrations (-6 ng/mL) than did free-ranging WTD > 1 year of age (-12 ng/mL). For captive WTD fawns, 25(OH)D concentrations increased from Ito 9 days of age (exceeding 100 ng/mL) and then steadily declined to -10 ng/mL by 3 months of age. In general, differences in 25(OH)D concentrations based on gender were not detected. 25(OH)l) concentrations in captive WTD did not differ from that of captive reindeer: yet. 25(OH)D concentrations were lower in WTD than in captive elk. Additional research is necessary to determine if low serum 25(OH)D concentrations during the winter or pre-weaning period are associated with increased rates of infectious and metabolic disease. [4] . The "normal" observed range for circulating 25(OH)D in domestic livestock is 15-60 ng/mL 5]. Serum 1.25-(OH) 2 D levels are more variable in domestic livestock than humans, with a range of 20->200 pglmL, but the high values reflect the extreme calcium demands for egg and milk production [4, 5] . Similar data on appropriate serum concentrations and causes of deficiency for many alternative livestock, captive wildlife, and free-ranging wildlife are
are associated with increased susceptibility to invitamin D therapy is beneficial in the treatment of fectious disease, osteomalacia, osteopenia, osttuberculosis and low serum levels of vitamin D are coporosis muscle weaknes& cancer, autoimmune associated with increased susceptibility [6] . Studies disease. and cardiovascular disease [1] . Vitamin D is with tuberculosis in cattle indicate that: (1) serum derived from two sources: dietary intake (vitamin D 1.25-(OH) 2D 3 increases in the first two weeks folIofrom plant sources or D from animal sources) and by wing infection and is detectable within tuberculous the conversion of 7dehydrocholeSter0l to cholegranulomas [7 1 (2) 1,25-(OH)2D 3 reduces antigencalciferol (i.e. pre-vitamin D) in the skin, a reaction specific proliferation and interferon-y production yet catalyzed by ultraviolet light. At body temperature, enhances nitric oxide production [7, 8] [3] . studies is that vitamin D deficiency may result in inEvaluation of functional biomarkers such as circulacreased susceptibility to metabolic and infectious diting parathyroid hormone, calcium absorption and sease (e.g.. Mycobacterium hovis infection [10] obhone mineral density in humans suggest that defi-served in free-ranging WTD in Michigan [11] and ciency occurs when serum 25(OH)D concentrations Minnesota). Thus, it is critical to first determine the fall below 32 n g /mL [3] . Deficiencies may result from concentration of 25(OH)D in WTD, both captive and inadequate dietary intake or sun exposure. breastfree-ranging. to define a target range for determining feeding (poor Vitamin D content in human milk), relevant biomarkerS for immune deficiency. aging, decreased hioavailahility. increased catabolism, decreased synthesis (liver failure or chronic kidney disease), increased loss (nephritic syndrome), and obesity (sequestration of Vitamin D in fat) [1] . Vitamin D status measurements and metabolism in domestic livestock are not significantly different from humans [4] . The "normal" observed range for circulating 25(OH)D in domestic livestock is 15-60 ng/mL 5]. Serum 1.25-(OH) 2 D levels are more variable in domestic livestock than humans, with a range of 20->200 pglmL, but the high values reflect the extreme calcium demands for egg and milk production [4, 5] . Similar data on appropriate serum concentrations and causes of deficiency for many alternative livestock, captive wildlife, and free-ranging wildlife are Table 1 . For southeastern US free-ranging WTD, the age of animals at sample collection was approximated by evaluation of dentition (n = 124) by trained scientists! technicians. Ages of deer sampled in Michigan were not available. Serum 25-(OH)D and 1,25-(OH)2D were quantified by radioimmunoassay (RIA) using the methods of Hollis ci al. [12, 13] . Intra-and interassay coefficients of variation were 9.4 and 10.8%, and 16.2 and 13.1% for 25-(OH)D and 1,25-(OH)2D, respectively. 1.25-(OH)2D assay were performed only on selected samples due to sample size limitations. Briefly, serum 25-(OH)D was determined as follows. The 25-(OH)D standards (0-240 ng/mL) were prepared in vitamin D-deficient calf serum. Then 50 uL of sample or standards were extracted in 500 uL of acetonitrile by vortexing for 10 minutes, followed by centrifugation for 10 minutes at 2000 x g. Samples and standard extracts (25 uL) were pipetted into 1205 mm glass tubes with 10.000 counts per minute of iodinated 25-(OH)D (Diasorin, Stillwater, MN). To these tubes, ImL of anti-25-(OH)D (Diasorin) ,were added: the tubes were then vortexed and incubated at room temperature for 90 minutes. Next, 0.5 mL of secondary antibody (Diasorin) was added, and the tubes were vortexed and incubated for 20 minutes at room temperature. At the end of the incubation, 0.75 mL of buffer (50 mM monohasic sodium phosphate, 0.1% gelatin, 0.1 % sodium azide, 0.025% Tween 20. pH 6.2) was added to the tubes followed by centrifugation at 2000 x g for 10 minutes. The supernatant was discarded and the tubes were counted in a gamma counter. Serum 25-(OH)D concentrations were determined from the standard curve. The 1,25-(OH)D assay had similar, additional purification steps that are described in Hollis et al., 1996 [12] . Serum samples for assays were stored at -20C without freeze/thaw cycles. For free-ranging WTD, samples were collected by hunters (Ml), Department of Natural Resources personnel (Ml), and scientists / technicians (southeastern US) at the time of killing. Data were analyzed as a completely randomized design using Statview software (version 5.0. SAS Institute Inc. Cary, NC). Each animal served as the experimental unit in the analysis of all data. Effects of treatments on serum 25(OH)D concentration was analyzed using pooled data or as a split-plot with factorial ANOVA. Season, age (< 1 year of age vs.> I year of age), and cervid type (i.e. white-tailed deer, elk, and reindeer) were included as fixed effects. and animal was included as the random effect. Fisher's protected-LSD was applied when effects (p<0.05) were detected.
Results
Serum 25(OH)D concentrations did not differ (p>0.05) between Alabama. Georgia. Virginia. and Louisiana; thus, the data were consolidated for these four states and results presented as southeastern US. Free-ranging WTD < 1 year of age had lower 25(OH)D concentrations (-6 ng/mL) as compared to deer > 1 year of age (-12 ng/mL) ( Figure 2 ). Further analysis by individual year revealed that free-ranging W'FD <1 year of age (n = 11) had lower (p<0.05) 25(OH)D concentrations than did deer 1-2 years of age (n=37),2_3yearsof age (n=25).Or>S years of age (n = 16). Serum 25(OH)D concentrations did not differ (p>0.05) between age groups for free-ranging WTD in each of the age groups from> 1 t > 5 years of age regardless of season (1 -2 years = 12.2 ng/mL, 2-3 years = 11.7 ng/mL. 3-4 years = 9.7 ng/mL. 4-5 years = 10.5. and > 5 years = 11.8 ng/mL). Seasonal effects were significant (p<O.OS) within each of the age groups (i.e. by year of age) except for free-ranging WTD > 5 years of age.
To evaluate 25(OH)D concentrations during the neonatal period, samples were collected from captive WTD in Iowa periodically from 1-125 days of age ( Figure 3 ). Fawns were retrieved from the breeding herd pasture at -1 day of age after natural ingestion of colostrum analysis, data not shown) and moved into a lowcontainment animal holding facility. Serum 25(OH)D concentrations increased (p<0.05) from I to 9 days of age to concentrations exceeding 100 ng/ mL and subsequently declined (p<0.05) until 90 days of age. Animals were not exposed to natural sunlight during this time period (i.e. I -9() days of age) and their diet consisted of goat's milk until weaning at -60 days of age. Fawns also received ad libitum grass hay and a commercial cervid diet (Kent Feeds, Trophy Image 20) providing 953 lU of 25(OH)D/kg of feed. Feed intakes were not recorded. Gender-specific differences were not detected (males, ii = females, n = 80) in free-ranging WTD except when the interaction of gender and season were considered. Serum 25(OH)D concentrations were lower (p<0.05) in samples collected in August! September from male free-ranging southeastern US WTD (17.9 ± 1.8. n = 3) as compared to female WTD (24.4 ± 2.7, n = 15). Differences based on gender at other sampling time-points (i.e. February. May/June, and November/December) were not evident.
Days after Parturition
Serum 25(OH)D concentrations in captive WTD were also compared to concentrations in sera obtained from captive elk and reindeer. All animals were of similar age (-1-3 years), fed the same ration, housed in adjacent paddocks, and sampled in June. Serum 25(OH)D concentrations in WTD (-14 no/ mL. n = 10) did not differ from that of reindeer (-18 ng/mL, n = 18): yet. 25(OH)D concentrations were Newborn fawns (n = 7) received colostrum from their dams and were subsequently moved into a low-containment animal holding facility where they received goat's milk until weaning at -60 days of age. Fawns also received grass hay and a commercial cervid diet ad libitum. Similar findings were observed with fawns from a previous year (n = 12) that also received goat colostrum from 1 -7 days of age. lower (p<0.05) in WTD than in elk (-40 ng/mL, n = 19) (Figure 4) .
The active form of the vitamin (1.25(OH)2D) was also evaluated in a select set of samples. For freeranging southeastern US WTD, serum 1,25(QH)D concentrations were lower (p<0.05) in May/June samples (13.9 pg/mL ± 1.4, n = 17) as compared to November/December samples (25.2 pg/mL ± 1 .9, n = 29). Serum 1,25(OH)D concentrations in samples collected in September from Iowa captive WTD averaged 26.7 pg/mL ± 2.8 (n = 20) and ranged from 7.1 to 57.3 pg/mL. Samples collected at other time points from captive and free-ranging deer were not evaluated for I .25(OH)D.
Discussion
Despite supplementation with vitamin D3-fortified diets, seasonal fluctuations in 25(OH)D concentrations in captive WTD followed a similar pattern to that of free-ranging WTD (i.e. u nsupplemented) and 25(OH)D concentrations did not differ dramatically between captive and free-ranging WTD. Vitamin D deficiency is common among normal breastfed human infants, particularly during winter months [14] . ranging WTD less than 1 year of age have lower 25(OH)D concentrations than do older free-ranging WTD and concentrations are lowest in winter months for both free-ranging and captive WTD Unexpectedly. neonatal captive WTD had transiently high serum 25(OH)D concentrations exceeding 100 ng/ mL within 2 days of birth, which precipitously dropped to -1() nglmL by 3 months of age. The source of serum 25(OH)D in 1 -9 day old fawns was not clear: however, it may he from colostral or in urero transfer.
In contrast to 25(OH)D. t.25(OH) 2 D concentrations were lower in May/June samples from freeranging WTD as compared to November/December samples. These findings are consistent with prior studies with Roe deer demonstrating a spike in 1 ,25(OH)2D concentrations from December through February [15] . The large variation in serum 1 .25(OH) 2 D concentrations (range 7.1 to 57.3 pg/mL) in the current stud y is consistent with the variation detected by Sempere ci at., 1151 for Roe deer (range -1 to 100 pg/mL). With the Roe deer study, I ,25(OH)2D concentrations positively correlated with antler length and were associated with extrarenal production by antler cells. In the current study. differences in I , 25 
